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(57) Abstract: A projection optical system having good optical perfor- 
mance without being substantial ly affected by birefiringence even though 
an optical material having an intrinsic birefringaice is used. The pro- 
jection optical system forms the image on a first surface (R) on a second 
surface (W). Out of the transparent members constituting the projection 
optical system, 90% or more of the transparent members are made of 
crystals of cubic system. Out of all the transparent members, 70% or 
more of them satisfy the condition Pn/&K0.7 where Pn is the diameter 
of &e light beam coming Irom a point on the first surfece and &lling 
on each surfooe of each ctystal transparent member and En is the effec- 
tive diameter of each oystal transparent member» and the 70% or more 
of the transparent members are so arranged that the optical axis of each 
transpamit member substantially agrees with the crystal axis [lOO]. 
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2tC|^J&i^T<Sl5]t'*/S:«e>0^1^Kifft)ttfrf«lFMl*«Eg3fnTVi^. Sfc. 
m 2 f^m^^J^G 2 3 j!S»5te^S^G 3 i: <ora©3ti»'^>fc*l>Tl6 2 «*' W«C!> 
}^^4fl[fi©iB#?{Ctt. ^ 2 i^«[^^|^G 2 e»©3tS^ 3 mm^^^G 3 (ClSjd^ 
oT0|njT5:'tJ6OM2)TegS»fOffitf^FM2*tBHe^nTViS. Ml ^^W^ii 

^'^:^^xsm2mmyt^^G2 tm2yt&mr)mmFU2t(Dm<D)it^^iz^ 
^fe, mim^yt^^Gi:^j:zsm3^m^^^7^G3\tth\z. mmmzmzf^ 

;^tlTl/iS. in;5L-C, ^lilSfife^^^^G 1 «r«lB!Jc"r-5-r^T©U>X:feJ:t;J^3 
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F M 1 ^ J; 2 5teKtFf 0 ft H F M 2 i ffi 1 R W 

»G2©|wi1lfSlt«lCM*$cktfftU>XL2 1, L 2 2 K<fc OttfitLTV^*. * 
Xt, |g2Slft3t^^G2*JS«^^&<Die»^s^*Wr*«^twJ;D, ^lf>W« 

^ijK«t^^i^Gitt. u^:7)mi:)^^m\z. i^tau>XLiit, u^i^^p 

x:«JXU>XL 1 4 U5^i?;Vfl!ll::[HIffi^|pjtt;t^;?^-X*XU>XL 1 5 
U5"i';HHatClHlBS|6]tt&jE;>tziX*;^lx>XL 1 et. U5^5';KWtr[HIj5?&lp] 
VtfciE^-J^^J^U'^XL 1 7 Mia^>XL18t. "^XAfiHtZll^JJffiJK® 
IHiai^lRjJj-;S:iEj3t-X*XW>XL 1 9 <h)6^e.«l*K3SnTViS. 

|g2ttlfe3fe^^G2tt, ^©JiffaSSJCia-pT^^^i'il/fiil (TJafe-feA 
Mm) ii^^miz. U5^5^;i^^C*S*®*fc(0[H]®&f5]ftfc:&^nx;*7XU'>XL 2 
it> P^i';UfiS»cIHIM«MRifrtfc^^— x:jt;xW'>XL 2 2 Vf'^)vm\zm 

$e>tc:. ^3«S«3t^5SG3tt, 3t©iiff:«rl^t3j&-3TU^i^JKl!l*^e>«It;:, 
Wdik^XL 3 1 U9^^;U<ffiU;:i£!iIES|SjJtfciE;>tnX}*j;^^>XL 3 2 

U5^i7;i/fi!l»;::i!!iffii^iBi*j-fejEptx;^;iJj;^W'>XL 3 3 U'5=-i';m!ltc#3»iB« 
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XL 3 6 it, maigtoAst. mihu>xh3 7 )mizmm^\^if:ft 

L 3 1 1 U'^^)Vmiziiim'&^nftJEp^:^7.iJX 1/'>XL 3 1 2 i:. "^XA 
NAtA#ffi!l ("J^XAfii) iBP»*. B\t^X./\Vf±X<D^ J^—yDr^^ )ll 

F(D^^m^. Aitmt&imyemmER(DnifVi'&^. lx (ew) \tmfsbmyt^m. 

(^2®) 'v$>^K7x/\m-\<D^m(Dmn'r^:ismizm-ofti'^ 

S:mm) d tt«>iS<Otti±WI!8"r>9:to"^ieraBI (mm) (C • D) tt* 

S^tMD<£, Enttm:5^>XfD^iS©W2!lfiS (mm) PnttgR^^-^l (T 
J&*)^«!J#:B±© 1 j^*>em:t^^A«^®fcAlt'r'5i^©3tSt®ii[S : mm) 

IS WRI d <D«^^«. mi ^?Siff 0 ft F M 1 OSIt®*^ & DOMSItiKC M * T 
J^c;^^ 2 JtK^ 0 ttfrf fiSF M 2 ©SStffid* ^fifcffiS*T?©^K»t>T?tta 
iL, •5-®fl&©3tM4'-PtiiE4:UTtia. -tLT, IB 1 i^«yt!^3i5G 1 Ttt, 1^ 



wo 03/D36361 PCT/JP02/10454 

-22- 

M&ikmv>it. J!g^wic)5«ijga*tfi [111] x$>^t^. ftt^itm^ 
lift [-11 1] (D&m:J^mzM-r^A&T&r)^ B^moim^iii [loo] t 
fctA«isa«i [0 10] <osi|i:;^fifcfc»r«AffiT*-5. cict, 

u^^jvmizii\,>x+Y:^mz^m:^iSL&WL^vttm^. ^ i mmyt^^o i »c 
;Efiri iu^:pjvmiz^i'f^+Y:^m{z^^^mzMf^-r^:»\^) -e*?). ma^isife 

3t^?^G 3 iz^\^^&m:&mi-Y:^^ <i^^i7)Um\z:^i1^^ + Y:^f^izjft^m 

Lfe*«oT. ttt^it <c • D) = (10 0-0) tt, ytmiim^9b [i o 
0] Sf-r^ss^vxidfev^T, ^<Dm^m loi o] *ts2fi:3^^£tctt^o 

TBHS$nTVis::iSrit*-rs. Sfc. (c • d) = ( i o o • 4 5) fi, ^ 

tfttiisai* [10 0] sk-rsmei^^xic^eiriT, ^<of^^^ [o i o] 

(C • D) = (10 0-0) CDm5l^>Xi (C - D) = (1 0 0 - 4 5) 

<Dm^\^>xii}t. m^n cioo] (ou>x^7^m^VTi^^:Lii\zu^> 

^t^ii (c • D) = (1 1 1 . 0) Mm^m^m ii 1 1] 
-a*rsm5P>Xk:*iiT» -e^nsawi [-1113 5&«j;2ii:36ritfc:?{joTi2M 

^tiTiris i:*iaelct*a. sxt, (c-d) = (iii-60)«. ^tffttte 

^«ft [1 1 1] t*^-arsm5u>xtc:feViT. ^©iissto [-111] d«s 

2p:^r^fi:tc*^LT6 0fir*?&:'rct^tc:ffits$nTV^-5c:i:&3te|5-rs, fJ^fc-S, 

(C • D) = (1 1 1 • 0) ©mSU>Xt (C • D) = (1 1 1 • 6 0) (OS: 
le^Wl [111] C9U>X'<T*«Js£bTViS2:tfC)a:*o 

^it. mm:^mzf!f 'r^Am.wrm<DM0Liiu^¥f&mmmn. m^i/A [loo] 
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(ou>:K^7(Dm^izmMim [0 1 0] vimi^tsn^zLtuK. i^^M [i i 
1] ©i^>x^7©ii^ic*gSi*ft [-111] Jcisjt$nsi:t;te<, rtt^it 

^la 

A = 1 5 7. 6 nm 
i8=-0. 2 5 
NA=0. 845 
B = 1 3 . 7 mm 

A= 3 mm 

LX (Ew) =2 2mm 
L Y = 5 mm 





m r 


d 


(C • 


D) 


En 


Pn 








172.1769 






109.6 


0.0 




1 


400.0235 


41.8662 


(100 


• 0) 


188.9 


75.2 


(L 1 1) 


2 


-347.1859 


1.0000 






190.5 


82.8 




3* 


-600. 0000 


18.0000 


(100 


•0) 


190. 1 


83.1 


(L 1 2) 


4 


-750. 0000 


1.0000 






193.2 


86.4 




5 


-3025. 0000 


32. 5027 


(100 


• 45) 


193.5 


86.8 


(L 1 3) 


6 


-234.6874 


85. 1493 






194.3 


91.0 




7 


113.4563 


30. 0000 


(111 


•0) 


136.7 


91.9 


(LI 4) 


8* 


149.1516 


96. 6080 






122.9 


84.1 




9 


-73.6173 


20. 0000 


(111 


• 60) 


85.3 


65.6 


(L 1 5) 


10 


-989.6932 


10. 7493 






110.6 


71.4 




11 


-160.7004 


35. 0000 


(111 


• 0) 


113.2 


73.6 


(L 1 6) 


12 


-95.3602 


50. 7412 






132.9 


84.1 
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13 


-424. 3704 


37.0769 


(100 • 


0) 


179.4 


85.5 


(LI 7) 


14 


-146.7977 


1.0000 






187.1 


88.3 




15 


776.8772 


34. 7330 


(100 • 


45} 


189.7 


86.3 


(L 1 8) 


16 


-288. 5244 


35. 5981 






189.1 


80.8 




17 


247. 7452 


23.2315 


(100 • 


0) 


157.1 


62.4 


(L 1 9) 


m 


1266.8867 


86. 0000 






149.9 


54.1 




19 


oo 


-344. 3312 










(FM 1) 


20* 


160.0000 


-28. 0000 


(111 • 


60) 


181.8 


181.2 


(L 2 1) 


21 


1039. 6240 


-41.9146 






220.8 


220.6 




22 


170.0000 


-22. 0000 


(111 • 


0) 


226.6 


226.3 


(L 2 2) 


23 


320. 1640 


-23. 0904 






279.2 


274.3 




24 


214. 3847 


23. 0904 






283.0 


278.6 


(CM) 


25 


320.1540 


22. 0000 


(111 • 


0) 


280.0 


274.3 


(L 2 2) 


26 


170.0000 


41.9146 






233.4 


226.3 




27 


1039.6240 


28. 0000 


(111 • 


60) 


231.4 


220.6 


(L2 1) 


28* 


160.0000 


344. 3312 






194.5 


181.3 




29 


oo 


-107. 9714 










(FM2) 


30 


-35622.5326 


-27. 1721 


(100 * 


0) 


161.3 


66.0 


(L 3 1) 


31 


255.2732 


-1.0000 






167.2 


74.9 




32 


-235. 1006 


-29. 1962 


(100 • 


45) 


177.9 


77.7 


(L 3 2) 


33 


-3051.6986 


-48. 5453 






176.7 


81. 1 




34 


-199.4066 


-40. 0000 


(100 • 


45) 


169.4 


92.7 


(L 3 3) 


35 


-459. 7296 


-27. 0927 






158.2 


91.4 




00* 




1 o« uuuu 






iD4. I 






37 


-220. 0062 


-184. 2361 






151.4 


96.7 




38* 


800.0000 


-25. 0000 


(111 ' 


0) 


203.3 


185.7 


(L 3 5) 


39 


281.6929 


-42. 3986 






209.0 


193.2 




40 


-245.7289 


-29. 9440 


(111 • 


0) 


224.5 


223.7 


(L 3 6) 
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4U 


-751.7736 


-25. 0557 






221.8 


221.7 




42 


CO 


-5. 0000 






222. 1 


221.8 


(AS) 


43 


-377.9882 


-44. 5303 


(111 • 


0) 


227.8 


221.9 


(L3 7) 


44 


465.0394 


-24.9317 






226.2 


218.8 




45 


190.2750 


-25. 0000 


(111 • 


60) 


225.2 


215.9 


(L 3 8) 


46 


290.8465 


-1.0000 






234.0 


220.9 




47 


oo 


-26.0925 


(111 • 


60) 


231.0 


215.1 


(L 3 9) 


48 


511.4816 


-1.0000 






230.0 


212.7 




49 


-359. 2933 


-31.7546 


(100* 


0) 


217.8 


199.2 


(L 3 1 0) 


50 


3025. 0000 


-1.0000 






211.6 


190.5 




51 


-159.8173 


-35.0702 


(100- 


45) 


184.8 


166.3 


(L 3 1 1) 


52* 


-692.0711 


-1.0000 






171.5 


148.8 




vv 


-1d4 ^MR 


-32 SQ7fi 






1 SO % 


130 Q 




54 


-556. 7937 


-3. 9828 






129.6 


104.8 




55 


-864. 1658 


-30.0000 


(100* 


0) 


123.3 


97.0 


(L 3 1 3) 


56 


oo 


-19. 0000 






87.4 


60.0 














27.4 


0.0 





3ffi 

K = 0. 000000 
C4 = - 0. 602153X10-' 
C8 = - 0. 372433X10-^' 
Ci2 = -0. 1 4 4 7 9 5X 1 0'^° 



C8=0. 642542X10-^2 
Cio = -0. 48 0 0 60X 1 0"^^ 
Ci4=0. 574983X1 0"*" 



8M 

K = 0. 000000 

C4 = - 0. 226135X1 0"" 



C. = -0. 3 9 7 0 5 0X 1 0-^* 
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C8=0. 3 113 11X10-** 
C,2 = -0. 5 3 5 6 4 3X 1 0"** 
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Cio = -0. 167278X1 0-i» 
Ci4=0. 453868X1 O"** 



1 sm 

K = 0. 000000 
C4=0. 106013X1 0-^ 
C8=0. 763337X1 0"*^ 
Ci2=0. 257865X1 0"** 



C6 = - 0. 208393X10"'* 
Cio = -0. 158517X1 0-»« 
Ci4 = -0. 158940X1 0-*« 



2 0® (2 8®t|pl-ffi) 

K = 0. 000000 

C4 = -0. 168137X1 0"^ 

C8 = - 0. 110295X1 0-*» 

Ci2 = - 0- 3 8 5 3 6 4X 1 0-** 



Ce = -0. 3 2 1 04 5X 1 0^** 
Cio=0. 142977X1 0-** 
Ci4= 0. 281223X1 O"*" 



3 6M 

K = 0. 000000 

C4=0. 5 6 6 4 2 1 X 1 0"' C6 = -0. 1 4 4 2 8 1 X 1 0"'* 
C8 = -0. 4 0 7 5 4 9X 1 0-'" Cio=0. 1 5 042 0X 1 0-** 
C,2 = -0. 1 44 7 2 2X 1 0-** C,4=0. 2 1 0 3 5 1 X 1 0-*" 

3 8M 

K = 0. 000000 

C4=0. 24 3 3 2 9X 1 0-^ Ce=0. 432744X 1 0-»* 
C8 = -0. 4 0 1 0 74X 1 0-'' Cio=0. 44 7 3 7 8X 1 0-*' 
Ci2 = -0. 1 3 1 3 2 2X 1 0"*^ Ci4=0. 6 6 6 7 4 0 X 1 0-'® 



4 10 
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K = 0. 0 0 0 0 0 0 

C4 = -- 0. 1 4 6 7 3 3 X 1 0-^ C^^O. 1 4 24 5 2X 1 0-^* 
C««-0. 1 04 7 3 8X 1 0-»« Cia=0. 5 6 6 1 7 5X1 0-2* 
Ci2 = -0. 2 1 3 3 0 8X 1 0-" Ci^=0. 1 4 3 9 6 8 X 1 0 



5 2® 

K = 0. 000000 
C4 = - 0. 338977X1 0-' 
C8=0. 436295X10-** 
Ci2=0. 125962X1 0-** 



C6 = -0. 585831X1 0-^» 
Cio = -0. 4 7 7 0 5 8X 1 0-"* 
Ci4 = -0. 1 1 24 58X1 0-2" 



D 2 1 = 2 8 mm 
D 2 2 = 2 2 mm 

(1) Pn/En=0. 40, 0. 4 3 <L11) 
Pn/En = 0. 44. 0. 45 (L 1 2) 
Pn/En = 0. 45. 0. 47 (L 1 3) 
Pn/En = 0. 6 7. 0. 6 8 (L 1 4) 
Pn/En = 0. 6 5, 0. 6 3 (L16) 
Pn/En = 0. 48, 0. 47 (L 1 7) 
Pn/En = 0. 46. 0. 4 3 (L 1 8) 
Pn/En = 0. 40, 0. 3 6 (L 1 9) 
Pn/En = 0, 41, 0- 45 (L31) 
Pn/En«0. 44. 0. 46 (L32) 
Pn/En = 0. 5 5. 0. 5 8 (L33) 
(2) Pn/En=l. 0 0. 1. 0 0 (L21> 
Pn/En=l. 0 0. 0. 9 8 (L22) 
Pn/En = 0. 91, 0. 92 (L 3 5) 
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Pn/En=l. 0 0, 1. 0 0 (L36) 
Pn/En = 0. 9 7. 0. 9 7 (L37) 
Pn/En = 0. 9 6. 0. 94 (L 3 8) 
Pn/En = 0. 9 3. 0. 9 3 (L39) 
Pn/En = 0. 91, 0. 90 (L310) 
(3) D2 1/02 2 = 1. 2 7 3 

mm^^ nm^t^fbm^l 57 . enm^, miiai 5 ?. 6nm+lpin=l 
5 7. 6 0 1 nm«r» — ;i^^iSi«l 5 7. 6 nm- 1 pm= 1 5 7 . 5 99 nm 

15 7. 6 nm± 1 i>mOmi/t^\zMVT^^mifiAmzmJEtinx\f'^^^t,iA 

^^'^tsmm^i!)mjE^ti^s.mmmm<Di9t^yt^mz:$i^m^mmvx\^^^, 

<kr^L 1 2ii^^lS,^mi\^>XmG\ 1 1,. DDMRStilCMt S-^JCk^XL 2 
0~L2 2hti^f^tL^m2V>XmGl 2t.. 1 3fi(Z>^>XL 3 1-L3 1 3 

ii^2u>x«fGi 2<htt, mim\zum.^tiitu^^ )VR(Dn^-><o^m 

jft^te. ^1 u>xnG 1 1 t.f^2 u>x«^G 1 2 ii<om(Dmkmz\%. 
>xmGi iii^^<oyt^m2v>xmGi 2»wi^*>oTisi^^«»/t«>©iii^tt 
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FM2 7&fgBs$tiTV)&. ^mmt. m2u>xmGi 2 i:m2^ntmomiifi& 
FU2 i:<Dm<o^^fp\zmfSitsn^o 

g^nxvi^. mx, mn^>xmGi i^m^ir^r^x<ou>x\t^m^ 

'r^-r^x(Du>x\iimmytmAxs±\z^ii^xyi^^m\z^^Tmm^tLr\f>^, 
-z^. m2u>xmGi 2hWLm^izmzfft^mAX2^mi'. ccd^hhax 
2umntmmmzmtiL^m'^<ofimxmmytmAxi imm^^Axs) 

1^>X»G1 l^^Um3U>XmGl SX^C^^Ul^^Ji^XJ^IEmo^yy 
/t-;WfP?fe. m2U'>X»Gl 2 0IHIMKItfilCM:fcJ:t^^U>XL2 1, L2 
2^CJ;0^^MLTliSo 

XL 1 2 tA^S«|j5K$nTV»S, 

t#fi9) *»e>®tc, U^i7J\^m{Zdhm^^Vfi/tjE/^=:.::x.tlXU>Xl.2 Oil. 
i/;WflJfc|Hlia*|filfrtfc^ptz:x*xu>XL 2 1 1» ^5^4^;Hllfc:Daffi&i^]frt^ 
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Miau>XL sits u^i^ )vm\zi^i^m^<oBm^\^i^ftiE:^=-x:f3xu>x 

a®*lRlttfcjEp<^X;«7XU>XL 3 5 t» P5ia^>XL3 6t, KfX./\miZ^ 
T»m^o:>Bm^mftlE^:^Xi3XU>Xl.3 7 1. WPIKOASt. OxAflW 
t3*3^M:K©[aMS[6]PtfciE;*x;^*XW>XL 3 8 d:. U5^i7;KMfc^S^®*5 
<^£b®S:rS]lt3'S:Miak>XL 3 9 *y:Ji/\miZ$mmi^<D\Bmt:[^i^rtiE:A=. 
XtlX U>XL 3 1 0 <b» k^i7;KIIICflS&lRjftfeiE^— X:«7X U>XL 3 1 
It, C^XAffljfc^ltS&lRlttfc^iaU^XLS 1 2i:, »>XAfi!lfc3F®&|^ttfc 

^au>xi. 3 13 t)&^e»«ijiK$nTv»s. 

NAtt«fW (»:?XA(B!|) WPISCS, Bttl^XAWiTO'T J>t-':^1J— i';n 
F<0^n^. Attll^6l)t^4iER®WinUS*. LX (Ew) 

(^215) T*S'^XA®>N.<03ie«l®jiff-r'5;&|fillC«JofcU'^ 
«:mm) dii^m<Diffy±mmrUt>t>mmm (mm) (C • D) tt^ 

fSiisu>x\z:^\f^x^(D^^t-&'r^m^mc^^u^(Dm(o^^mM(ofk 

SffiftD*, EnttMa^>XO#®<D:frjaiS« (mm) P nim^m (t 
f£i:>t>mi^M±<^ 1 ^d^e>mfc^m*«#iffiS::ASt1-Si:$0?tm©fiS : mm) 
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iilt. :^mffi@D», )@Sr«iilC}^l@Slli! [Ill] IttTL^Uib 

fft [-1 1 1] <o^^:^mzn^^nmx^y) . m^mcifim^^ [i o o] 
ithK^-if^^^ CO 1 0] (omis^:f3mzn'r^nmxi(>^o zcx. 

u^^)vmiz^^^x+Y:^m\zmm:fsi{L^WL^v:^m'^. miu>xmGi nz 
^mpixm2u>xmGi 2<oiftmizm{SLU:»iPix$>'ox+zmizm^^ti:^:^ 
mo 1 3^z^^^^mm:timt-Y:^]^l iu^^jvm\z^\ff^+Y:^i^\z^^mz 

L/fc)6t^-r, ttiiXii (C • D) = (10 0-0) tt. 3^Hl2:j|Sa$l& [ 1 0 

0] i**-sc-r«iS:H^>Xfw^iriT. -e<Diga«i CO 1 03 iimn^:^mzBr> 

TfiBlt$tlTlriSJli:*jiti!|cTS. (C • D) = ( 1 0 0 • 4 5) tt, >fe 

ftt^j^SHil [1 0 0] i:*«-S[-rsm5U'>XfC:feViTv ^om^^ [0 1 0] 

^> (C • D) = (10 0-0) (Dn^U>Xt (C-D) = (100-45) 

<Dn^u>Xt\t, ^SfA [10 0] ©l^>X'^r&«l^bTVi-5c:i{c;&-5o 

fttxii (C-D) = (111-0) tt, ytmiim^m [i 1 1] tdt 
-&-r^mc^>XK::fevaT. -eoMaiiir [-111] itimm:^isnz^z>xmm 
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^tiTiri^^itsjtiNc'rs. Sit, (c • D) = (1 1 1 . 6 0) tt, yti^tm 
aw [1 1 1] t5&<-*s:-rsms^>x{c*5ViTv ^a>m^VA [-111] Htm 

(C • D) = (1 H • 0) <Ofk^U>Xt (C • D) = (1 1 1 • 6 0) 
^U>Xh\i. $SafA [111] <0U>X'^TS«|j*l/Tl'*-5CtfcJ^S. 

^£P:&&K:^t-aA^tl-lii9cD^^^;^^<l#:£i^ig«i», i^Siilili [i o o] 
©u>x^TeD«'&icjeaift [0 I 0] \zmj^'$n^iit.fsi<. i^^^ [i i 
1] (oi^yx^ro^m^^^M^m [-i i ii izmi^tsn^z.iifi<. 

*>*^SSjS^3fe4fe^fc*SViT. ffilU>X«^Gl l©^«|AXli:m3U>Xl^G 

1 3 O^teWlAX 3 m 2 ^>X»G 1 2 CD^tlftAX 2 »C»o;/Si;^|pltC43ViT 

2 8 mmit nmtlXU^ ^3? tlT 5 . 

A= 1 5 7 . 6 nm 
/3 = - 0. 2 0 
NA=0. 85 
B = 1 6 mm 
A= 6 mm 

LX (Ew) = 2 5mm 
L Y=4mm 

®#-^ r 
1 -36367.4518 



d (C • D) En Pn 
55.0000 160.0 0.0 

20.0000 (100 - 0) 179.0 18.9 (L 1 1) 
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2 


-1062.8043 


1.0000 






182.6 


23.2 




3 


280.9165 


20. 0000 


(100 


• 45) 


187.8 


23.6 


(L 1 2) 


4* 


415.2262 


95. 0000 






186.5 


27.2 




5 


oo 


-433.8558 










(FMl) 


6 


-371.9043 


-22. 0000 


(111 


•0) 


215.0 


200.3 


(L 2 0) 


7 


-431.3807 


-61.1156 






211.5 


200.3 




8 


212.6132 


-24. 0000 


(111 


• 60) 


211.9 


206.4 


(L2 1) 


9 


1049.8448 


-78. 7383 






235. 1 


231.0 




10 


230.5993 


-14. 0000 


(HI 


•0) 


264.6 


264.0 


(L 2 2) 


11 


409.0076 


-25. 1705 






291.1 


291. 1 




12 


305.0366 


25. 1705 






303.6 


303.6 


(CM) 


13 


409. 0076 


14. 0000 


(111 


•0) 


290.0 


290.0 


(L 2 2) 


14 


230.5993 


78. 7383 






261.1 


261.1 




15 


1049.8448 


24. 0000 


(111 


• 60) 


229.6 


223.6 


(L 2 1) 


16 


212.6132 


61. 1156 






208.4 


197.6 




17 


-431.3807 


22. 0000 


(111 


•0) 


205.6 


187.3 


(L 2 0) 


18 


-371.9043 


406. 8558 






207.5 


185.6 




19 


oo 


-97. 6805 










(FM2) 


20 


-426.2770 


-35. 0000 


(100 


•0) 


190. 1 


38.8 


(L 3 1) 


21 


475. 3746 


-129. 7461 






193. 1 


47.0 




22* 


223. 1752 


-20. 0000 


(100 


• 45) 


204. 1 


87.5 


(L 3 2) 


23 


175.3843 


-2. 0000 






211.2 


94.0 




24* 


-307. 4406 


-50. 0000 


(100 


• 45) 


212. 7 


97.0 


(L 3 3) 


Zs 


-3Z0. fOsI 


-31. 8616 






205. 0 


99. 5 




26 


1442. 3776 


-35. 0000 


(100 


•0) 


206.6 


106.4 


(L 3 4) 


27* 


12973. 0946 


-267.4936 






211.4 


113.2 




28 


-1294.6603 


-24. 4071 


(100 


• 0) 


217.4 


184.0 


(L 3 5) 


29 


-192. 7645 


-21.1755 






214.9 


189.3 
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30 


-443. 6804 


-33. 0735 


(100 


• 45) 


216.5 


197.2 


(L3 6) 


31 


1121. 7631 


-3.7878 






220.9 


204.5 




32 


-199.4497 


-50. 0000 


(111 


• 60) 


238.9 


229.7 


(L3 7) 


33* 


-696.1940 


-40. 6353 






231.7 


224.9 




34 


oo 


-33.2167 






226.9 


225.4 


(AS) 


35 


-304. 6891 


-30.0000 


(111 


• 0) 


232.3 


226.5 


(L3 8) 


36* 


-851.3806 


-10. 7098 






228.6 


220.8 




37* 


-328. 2837 


-44. 9842 


(111 


• 60) 


232.6 


220.6 


(L3 9) 


38 


674. 3501 


-5.0565 






230.1 


215.7 




39 


-193.3359 


-43. 4538 


(111 


•0) 


204.8 


187.9 


(L3 1 0) 


40* 


-3621.6899 


-10. 3834 






191.8 


170.2 




41 


-139.4754 


-30. 5579 


(111 


• 60) 


153.2 


133.1 


(L 3 1 1) 


42 


-572.9507 


-5. 3048 






138.2 


111.7 




43 


-770 60.^6 


-24 0000 


MOD 


to/ 


194 4 


1 ni n 

1 U 1 . u 




44 


oo 


-1.5000 






103.5 


72.9 




45 


oo 


-24. 0000 


(100 


•0) 


99.4 


68.4 


(L 3 1 3) 


46 


996.9945 


-12.0000 






70.9 
32.0 


38.5 
0.0 





K = 0. 000000 

C4 = -0. 171501X10-^ Ce=0. 2 8 9 6 1 6 X 1 0-*'^ 

C8 = -0. 3 1 9 3 5 9X 1 0-1' Cio=0. 3 6 5 5 2 0X 1 0-22 

C,2 = -0. 5 9 1 5 7 8X 1 0-2« C,4=0. 2 7 7 3 8 5X1 0-"» 



2 2® 

K = 0. 000000 
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€4=0. 352797X1 0-^ 
C8=0. 168419X10-*" 
Ci2=0. 247299X1 0"^^ 

2 4jS 

«; = 0. 000000 
€4=0. 173821X1 0-^ 
C8=0. 290071X1 0-*' 
Ci2 = - 0. 127257X1 0" 

2 im 

K = 0. 0 0 0 0 0 0 
€4=0. 422508X1 0-^ 
Cb=0. 186795X10-^" 
Ci2= 0. 825654X10"'*'' 

3 3lB 

/c = 0. 000000 
C4 = -0. 199219X1 0"' 
€, = -0. 183004X1 0"*' 
Cx2 = -0. 240 9 3 6X 1 0"2« 

3 6M 

K = 0. 000000 
C4 = -0. 290300X10"' 
C8 = -0. 1 3 9 9 40X 1 0"*' 
C,a= 0- 4 1 6 6 3 1X 1 0"''^ 
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Ce=0. 326095X1 O"*^ 
Cio = -0. 178654X1 0"='* 

C|4=0 



Ce = -0. 557914X1 0"** 
C,o=-0. 373550X10"2i 
Ci4 = -0. 3 4 5 2 5 4X 1 0"^'' 



Ce=0. 205130X10-*' 
Cio=0. 133382X1 0-" 
Ci4=»- 0. 772406X1 0-31 



Cg = - 0. 721200X10"** 
Cio = -0. 1 14 214X1 0-2" 
C,4=0 



C8=0. 562009X1 0"** 
Cio=0. 891793X1 0-22 
C,4=0 
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3 7M 

K = 0. 000000 
C4=- 0. 970779X1 0-® 
C8=- 0. 530310X1 0-»' 
C,2~0. 710645X1 0-" 



Ce = - 0. 301841X1 O"*'* 
Cia = - 0. 102259X1 0-2° 



4 OiS 

K = 0. 000000 

€4=0. 4 1 1 3 5 0X 1 0-" C9 = -0. 1 8 8 94 7X 1 0"^* 

C8=0. 44 2 0 4 6X 1 0-*« Cio = -0. 2 1 4 1 8 6 X 1 0 » 

Cia=0. 8 6 14 9 2X 1 0 ^^ Cx4=0 







D 2 1=24 mm 




D 2 2 = 1 4 mm 




(1) Pn/En = 


0. 


P n/E n = 


0. 


Pn/En= 


0. 


Pn/En= 


0. 


Pn/En== 


0. 


Pn/En= 


0. 


Pn/En= 


0. 


(2) Pn/En = 


0. 


Pn/En= 


0. 


Pn/En= 


1. 


Pn/En= 


0 . 


Pn/En= 


0. 


Pn/En= 


0. 



1 1. 


0. 


1 3 


(L 1 1) 


1 3. 


0. 


1 5 


(L 1 2) 


2 0. 


0. 


2 4 


<L 3 1) 


43. 


0. 


4 4 


(L 3 2) 


4 6. 


0. 


4 9 


(L 3 3) 


5 1. 


0. 


5 4 


(L 3 4) 


6 9, 


0. 


5 4 


(L 3 1 3) 


9 3. 


0. 


9 5 


(L 2 0) 


9 7, 


0. 


9 8 


(L 2 1) 


0 0. 


1 . 


0 0 


(L 2 2) 


9 1. 


0. 


9 3 


(L 3 6) 


9 6. 


0. 


9 7 


(L 3 7) 


9 7, 


0. 


9 7 


(L 3 8) 
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Pn/En = 0. 9 5, 0. 9 4 (L39) 
(3) D2 1/D2 2 = 1. 7 14 

m^^. mSL\t'P't^m^l 57. 6nm^, 1 5 7 . 6nm+lpm=l 

5 7. 6 0 1 nm&v — /i^lBiSttl 5 7. 6 nm- 1 pm= 1 5 7 . 5 9 9 nm 

^^ti^n^VTi,^^, ifSL^mnt^^m^fi^rji^'^iz, m2^mmiz:^^^xh. m 

^mion 5 7.6 nm± 1 v^mom^^izMl^X^ia^ifil^UizmiE^tiXi^^^ 

j^^cD^'^iz. ^^mmiz^^^T. nm^^^Ph^m^t^r^x cio 
0%) <Dmmmtifim^xm^^tLx\f^^o -ebx, ^immmx\t. Attis* 

<fclXltm®®}R:;&Jc:*vsT*fli^5; (i) sguer-smsi^^X (L i i~L i 4. 

Lie-Lig, Lsi-Lss) ommti ix$>^. ^(D^^toms 2%tZ 

^B^■r*9^S©^5W>X (L 1 1~H 3, L17~L19, L31~L3 

3) fc^v^T, ^(D^tniitm^n [10 0] td^-a-rs^fc-sjcfiBMsnrv^s. 

[10 0] tS:-a[$-&S«l^*Bg^bTV>S<DT, :^a^W>XlCjafflt' 

sc:^)&«aji;a:ii8iii«i [1 0 0] <o^Tu>x<Dmmi)m$!iiz/3i^, 

IB^?S:«»®®jfifil»c:eiriTKia«l [10 0] U>X£«effl-r«> 21 <kA«T? 

miHifiMTtt, Al*M^J:C/ttffl®©5R;&lr;feViT^#i: (2) 
^t--5m5k>X (L 2 1~L2 2. L 3 S-L 3 10) ©iS&tt8T»0. 
©a-feOil^jS 8%JtfflS*rS7{H®MU>X (L21'-L22. L35~L3 
9) tC:feV>T> -e©^$fti:ilSSIft [111] at" Si^tCgBg^nri^iS. 

CKOi^tC* mi^JSMT?tt» la® (^>XL15®#je, DOffiRitttCM. 
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[111] t^s-iac^-frsfltj^^^fflUTVi-^cD-e, u^iriTttW:««;PS©'h;3f 
ifi^»;::felriTi!8a*lli [l l l] (D^7U>X^i^mr^(DT. mmvtt^^iz^ 

S%iZ^mT^l 4m<Dlk?3U>X (L11~L13. L17~L19. L3 1 
~L 3 4, L 3 1 0~L 3 1 3) «, ^(O^^^B^n [10 0] tm^:^-^ 
T^^^izmm^n. JL'P2 S 0mmU^T©*2ftiSgSWr^. ::"5LT» ^1 
mmmx\t. ±i^<D^^9k<0$k^U>X\Z^l^X. bd>t)2 5 Omm£AT<D^«& 
E^*Wr*Jt««|/J>D@©a:SU>Xtc:^bTv [10 0] <D^ru> 

2 1 2 2 [111] <Z>'^TW'>X^««U, :^U>XL 2 1 ®4» 

iL>ffD 2 1 <»;&W>XL 2 2a)(f.L^ffD 2 2 (3) SiSSbTViS® 

— M5 2mfiliWT?tt, AltBli:feJ:T:^ltai®®5R:3^j;:;feV5T*fl^^ (1) £«l 
J£f «^5^>X (L 1 l-L 1 2. L 3 l-L 3 4, L 3 1 3) (OUmtlX 
^<D^%<0 10 Q%\ZieA^-t^7m<r>m^V>X (L 1 l-L 1 2, L 3 
1-'L34. L313) t3*V>T, [ 1 0 0 ] ii1A—m.t^^ 

[10 0] iS— S[$-e-S«ifiK&«fflUTVi?>flDT. :*:P«U>XJC 
SSfflf [10 0] ©^7U>X®i8ii*««Sfc:)a:S. 
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<iafr®*^tt<jiM«)jg^tc*tiTiea<i!r [10 0] <D<7i^>?:t:mm-r^iit. 

Jer53i:5U>X <L 2 O-L 2 2» L 3 S-L 3 9) ©lieSfcttTTft 
'S'^t^Si^jS 6 a^lCffl^-raeilCMSU^X (L20~L22. L35~L3 
9) IC^SUT, ^©3t«AtlSafft [1 1 1] i:;&t-grf5<fc^tCgait;^nTVi«. 

CCDJ:d(C> ^2gllig|«fi|(3:^lr)T<b. mm ({H10jElt$lCM, ggQl^OAS) 
Oifi«?fciBe$nfcjt««ng®:*:t?v>^>X«fl::3t<«tie©«i [i l i] 

n^u>x\zmm'r^z.t.i!)mmf3.mA«i [loo] o'^ru>X(35$8it3&*«a 
[1 1 1] <D^ru>x^^m-t^o:>x. mmi^ft^'^iz^fke^^iitm 

6%t'ffi^f* 1 0<@<Z>^e^>X (L 1 1~L 1 2, L3 1'-L3 6. L3 1 
2~L3 1 3) tt, ^<D^mtt^^m [10 0] i:*<&«-a-r-5<fc5»Ci2®3 
n, ja'3 2 5 Omm«T©^^iam&Wr-5, ^2^ifi«fytC*V»Tfe. 

jt^W/hPS©m5^>xtc:^LT, ^^mi [10 0] (Zj^ru-vx^iSffl-r* 

S:/^. m2||J&M)::«s&)T'&, mWKitl&CMOT&mizmm'Stift—itiiD^l^ 
>XL2 li:L2 2 i:T?SSftWl [111] CD^T W>X*«^U, M.U>XL2 
l<D^'t-mD2 1 tMU>XL2 2(D^>L-mT:>2 2ti!)^^f\r^ (3) <&j^SL/T 

»2^Jfi«»|fl[>||l W>X»G1 itftt, — ^(Z)W>XL 1 itL 1 2i: 



wo 03/036361 PCT/JP02/10454 

-40- 

TiBsw [10 0] (D'^Tu>x*«i^bTtis«^ u>XL 1 Koytnii-m 

©SWItJBtff^lltLT, 2 0 0 1^7^1 %JS^\Z.'^iS^tVtt^}V9'7-7>l\Z.^^ 
S i^>3Ki^3. "it^ A (Inlernational-SEMATECH Calcium Fluoride Birefringence 
Workshop) iC ^ (r^ T . :NeaNI S T (National Institute of Standards and 
Technology)© John H. Burnett &Jca:oT5B3l$tlfeM&^ViTt>S. 

2:ntcPS3£:^n*rti^<. «l<4«Sa. fe<>:x.Jir7 5/^bAUC7A (BaF 

2)» 7y<kU^C?A (L i F)» ^^/-fb-^h U-^A (NaF)» 7y'fbXhD> 
^•>A (SrFg) 3fe^*fflV>S^lt'b^?#«. dO^-^* vvlcn^i^i^ <B 

*;U'>^7A^7^;^'fkA'y C7AJQ:^®lt^a«ICJgLB.'0 16 0 nmfi<T®»S© 

%\zM\^xmm.^m't^MPco>mz. w^'^nein^ifiY^-^^tvxi eon 
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fi>tilS*fflViT» TXi7±OA^^->©«t*«-e©19:i^3t#^«r:rt'UT, ^Ol 

0 4IC*V^T, -eoi O'v h©'iyX/N±©7:t hU5^X h ®3Klfe;5*ff fctlfc^, 
7^=TV'fZ 0 5tc::feViT. ^CD 1 h®':7XA±-CI/>^X h AjS'-^^TXi' 
a:L/Txy^>y*ff diltkiJioT. *^Xi7±L©A^->t::^*>£:i-^|lIK/1:$' 

^^^©5^/WX*«S(it;^n^. ±iE©#Jg«|J5^A*^x®lit^i*t::intf, ®«6 
€rS. T.'rvrf^ 0 l-X-T^'^ya 0 5*rtt» ^7XA±JC^JS*3!8^L» 

>J^^XS4 0 l-^tt, *^JfiJ^«©»ife^®*fflt5T"7Xi'OA^->&ja!3t 
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'^iZ. tl^ — y^)V^'-m^xmAQ2'V\%. R (Red), G (Green), B 
(Blue) Ic^tJt&bfcSoOHy h®iia*<-7hU .yi7X5t^tc#5-3&SB3nj$nfcO> * 

S4 0 2a>mz. -b;Piffl*5iTXe4 0 3*«^ffSn5. -fe;l'3a*StTXS4 0 

i5'->j^fi)6XS4 0 1 \zx^^n^mi^f^^->^mt^^m.iiti^—y>()v^ 
-e©^, *i^i-;p«fl?»^i3[Txs4 0 4t::T> tSL^^x^t\itm^n^)v m 

/tt^til 9 3nmO&S5fe*tftJ&T-5Ar FX^v'-T U-— tf-JtHS-^. 12 6 
nm©«tS5tS«l&rSAraU-1f-3tiK. 1 4 6 nm©»tg3t*«il&-raK 

r 2 tf-)tiig)a: if ^ffl s d t 'b -e # S o 
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M ^ (D ^ m 

Pn/En<0. 7 

7 0 %mji©»o/giiaaj®»#tt» ^(oytmtm^^ [100] td^Hi^-a-r 

Pn/En>0. 9 

6 o%&.±<D»,<Di&^mmmmt. ^(oytmi^m^n ci 1 1] £:;&^6(£-si[f 
3. m^<DmMmu^'$i^^ mim<Dm^^2m±izM0S(.'r^i9Lm^m?kiz^ 
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Mi3m2 W>X^tt(rlS^2®t©W©^K«f t::BBg$n;S:^2SltMt. 

ftm2Mi^>Xh 2 2t^m\^. 

m^mi^u>XL2 i(Z)+iC>j?SD2 itL, mnm2M.u>xL2 2<d^ 
>c>m^Tt2 2t-r^t^. 

1. 2<D2 1/D2 2<2. 0 
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MiBmi^U>XL 2 1 tmfRm2MU>Xl. 2 2 tfi, ^(ZJ^tlfttieaift 
[111] <i:7&«SJ^-g[b. <t&Oi6S©tt30^gIIB^«l*1»/C.>i:bT*96 OS^frtffi 

[10 0] te<Z)Mailll*<«(riB5fe$l!l&4>'i>i:bT*?I4 5S>:^ttffi 

atrial 2 SI*® t MISH 2 M ©P^©3tl?S^ IcEg $ tiftm 3 u >x» t 

A, 
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MiH^2 u>xmt.m^m^ u>xm^<om<f>^'sikmzm^'mim<D-:k^m 

1 0. isiSi<Dm^msT^tiit\^^%mzmsL<otSLmyt^jk\z^\^^x. 
fiii*«safB)feiib& ti'/L^t UT*«j 4 5 mitnnnmzmu\^it^Wi^%^mt^^o 

Miaul \yyxm\t.. %ntm^m [i i n t^ts^^-isrL. j.-Qfl&^i^ii 

12. m^(owm^ %-m.t^it\t.^9 m\zmsL<r)nm^^mz^\,^x, 
mumi u>xm\^. imiimt--m.'r^mi^i^iiifi:s.\,'^\zBifi.^—^<om.mm 
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1 3 . m^ommm i mnsm 1 2 mm^rmti^ 1 mizm^<oum^¥mz^ 
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[2 0 03^03^ lOB (10.03.03) SfS$IS@SS : «r LUm^ODffiBia- 

Pn/'En<0. 7 

7 0 jjt±©igc©ieasjaaBtJtt, ciooj iiifimt-m-r 

Pn/En<0. 6 

7 0 %£i^jicDi&©ija®3ijfliip*jtt, [10 0] t^mt^— s^-r 

1 5. K^®$£iBlg8«*;tttm9]SK:|H«®fi:J^Jt^^JSl3*iriT. 

^ {cp-r s Jig a T ^ n. 
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Pn/En>0. 9 

6 0 %£Ji±<D»©iessiaspm> "ttD^ftHAtm^m [111] t*ts«-ar 

Pn/En>0. 94 

1 7. mnt<ofg&mmsm^ftitm9J^izmm(oiSLmyt^jik\z:^\^'^x. 
^mzmr^m^xm^tsn. 

t(Dytmti^^m [10 0] iidmir— ikfsji^fcsefisn, 5.-325010111 

18. ^i»i<Dmm^^^'$!^, mim(om^m2m±\zm^~r^is:m^^mz 
isi^^x. 
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PCT/JP02/10454 



mm 1 m±(D 1 Ai!f^^mit^Mi)miRm^'vm^-$n^B^mmmu<o^m 

iZXmt^ € 0^:SOitm$ P n t L , gdiBJ^aSiSaStJ © W^aS S: E n t 
Pn/En<0. 6 

Pn/En>0. 94 
2 0 . m*®IKBB^ 1 3i7iS^ 1 93S©Vifn*^ 1 JSlC|E«IO«:a^^te^«»C:fe 

«rlE-7Xd/»c«^^$ti;fc/it$'->o|feSM®^2®lct9:3£$n3fciS3161tS«Jt 
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1/11 




[101] 
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2/11 
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4/1 1 

m4m 




AXl 



PL 



AX2 



z 

/N 



W- 
62- 



61 



xcb >Y 
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5/11 




LX(Ew) 
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6/1 1 

mem 
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1. The invention of claim 1 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 70% or more of the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0 . 7 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and En is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [100] • 

2. The invention of claim 2 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 60% or more of all the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0 . 9 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and £n is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [111] . 

3. The invention of claim 3 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 

20% or more of all the transparent members made of the crystals are 
so arranged that the optical axis of the transparent member substantially 
agrees with the crystal axis [100] and have an effective diameter of 
250 mm or less. 

The invention of claim 4 is an invention of an independent claim 
referring to any of claims 1 to 3. 

4. The invention of claim 5 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second 

surface and having and a concave reflecting mirror and a round-trip 
optical system, a second reflecting surface disposed in the optical path 
between the second lens group and the second surface, a third lens group 
disposed in the optical path between the second reflecting surface and 
the second surface, and the round-trip optical system comprises a first 
negative lens L21 made of the crystal and a second negative lens L22 
made of the crystal and disposed in the optical path between the first 
negative lens L21 and the concave reflecting mirror and satisfies the 
condition 

1.2<D21/D22<2-0 

(continued to extra sheet) 
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where D21 is the center thickness of the first negative lens L21 and 
D22 is the center thickness of the second negative lens L22. 

The inventions of claims S, 7 are the ones of Independent claims 
referring to claim 5. 

5 .The invention of claim 8 relates to a projection optical system 
con^rising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further con^rises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having and a concave reflecting mirror and a round-trip optical 
system, a second reflecting surface disposed in the optical path between 
the second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface, and the first lens group has two transparent members in which 
the preset directions of specific crystal axes are substantially 
different. 

The invention of claim 9 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having a concave reflecting mirror and a round-trip optical system, 
a second reflecting surface disposed in the optical path between the 
second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface along the linear optical axis, 

a first-order intermediate image of the first surface is formed in 
the optical path between the second and third lens groups, and the first 
lens group has at least two transparent members made of the crystals. 

Claims 10-12 are independent ones referring to any of claim 8 or 9. 

Claims 13-15 are independent ones referring to any of claims 1-12. 

However, the technique of fabricating 90% or more of all the 
transparent members constituting a projection optical system from 
crystals of cubic system is publicly known without especially citing 
prior art documents, and there are no technical features considered to 
be special technical features common to the groups 1., 2*, 3., and (4 
and 5) . 

The projection optical system comprising transparent members and at 
least one reflecting mirror and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, the projection optical system further 
comprises a first lens group arranged in the optical path between the 
first and second surfaces, a first reflecting surface disposed in the 
(continued to extra sheet) 
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optical path between the first lens group and the second surf ace, a secoiid 
lens group disposed in the optical path between the first reflecting 
surface and the second surface and having and a concave reflecting mirror 
and a round-trip optical system^ a second reflecting surface disposed 
in the optical path between the second lens group and the second surface^ 
a third lens group disposed in the optical path between the second 
reflecting surface and the second surface is a conventionally known 
technique as disclosed in JP 2000-47114 A (Carl Zeiss Stiftung) , 
2000* 02. 18 « Therefore, there are no common technical features 
considered to be special technical features among the groups 4* and 5. 

Therefore r there are no common technical features among the groups 
of inventions within the meaning of PCT Rule 13.2, second sentence. 
Consequently, the groups of inventions are not so linked as to form a 
single general inventive concept. 

Therefore, the groups of inventions do not con^ly with the requirement 
of unity of invention. 
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